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[57] ABSTRACT

A contact material for a vacuum valve including. a conduc-
tive constituent including at least copper, an arc-proof
constituent including at least chromium and an auxiliary
constituent including at least one selected from the group
consisting of tungsten, molybdenum, tantalum and niobium.
The contact material is manufactured by quench solidifica-
tion of a composite body of the conductive constituent, the

arc-proof constituent and the auxiliary constituent.

14 Claims, 1 Drawing Sheet
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CONTACT MATERIAL FOR VACUUM
VALVE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a contact material for a vacuum
valve and a method of manufacturing the same.

2. Description of the Related Art

The most important properties which a contact material
for vacuum valve is required to have are the three basic
requirements of anti-welding property, voltage withstanding
capability and current interrupting property. Further impor-
tant requirements are to show low and stable rise in tem-
perature and low and stable contact resistance. However, it
is not possible to satisfy all these requirements by a single
metal. as some of them are contradictory. Consequently,
many of the contact materials that have been developed for
practical use consist of combinations of two or more ele-
ments so as to complement their mutual deficiencies in
performance, and to match specific applications such as
large-current use or high voltage-withstanding use. Contact
materials have been developed possessing excellent proper-
ties in their own way. However, performance reguirements
have become increasingly severe and the present situation is
that these materials are unsatisfactory in some respects.

There has been a marked tendency in recent years to
expand the range of circuits to which these materials are
applied to reactor circuits and capacitor circuits etc., and
development and improvement of the contact materials
corresponding to these application has become an urgent
task. In particular, regarding capacitor circuits, due to the
application of twice the voltage of an ordinary circuit,
problems have arisen in respect of the withstand voltage
characteristic of the contacts, in particular of suppressing
occurrence of restriking. In order to cope with this,
conventionally, Cu—Cr contact material has been
employed, which has excellent current interrupting property
and comparatively good withstand voltage characteristics.

However, such Cu—Cr contact material can cope to some
extent in the high withstand voltage field. But in more severe

high withstand voltage regions and in circuits that are
subject to inrush current, there is a problem of occurrence of

restriking. One of the reasons why Cu—Cr contact material
does not necessarily exhibit sufficient performance in the
high withstand voltage region is considered to be as follows.
Opening and closing of the contacts results in the formation
of Cu—Cr finely dispersed layer at the contact surface,
which 1s of mechanically higher strength than the contact
material. It is believed that micro-welding locally produced
by the inrush current causes the exfoliation from the contact
material portion, with the formation of severe surface
irregularity, causing field concentration and clump.
Consequently, it is believed that the probability of occur-
rence of restriking should be able to be reduced by increas-
ing the strength of the contact material.

Infiltrated Cu—Cr contact obtained by infiltrating Cu into
a Cr skeleton manufactured by sintering Cr powder show a
lower rate of occurrence of restriking than solid-phase
sintered Cu—Cr contacts manufactured by mixing and sin-
tering Cr powder and Cu powder. Furthermore, Cu—Cr
contacts made by arc melting of a consumable electrode
manufactured of Cu—Cr show even lower rate of occur-
rence of restriking.

However, in the Cu—Cr contacts manufactured by the
consumable arc melting method, local non-uniformity in the
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confact micro structure is formed by the occurrence of
two-phase separation of a Cu-rich liquid phase and Cr-rich
liquid phase that are produced during solidification and
cooling steps of the consumable arc melting method. Since
this Cr-rich portion is brittle in terms of material, cracking
and breaking away occur during opening and closing of the
contacts, causing restriking to occur.

Heremnafter another problem of the conventional contact
material will be described. The present situation is that
contact materials for a vacuum valve which are able to fully
satisfy increasingly severe requirements in respect of high
withstand voltage property and large current interrupting
capability have not yet been developed.

In recent years therefore some use has been made of
contact materials combining arc-proof constituents of excel-
lent withstand voltage performance and arc-proof constitu-
ents having excellent current interrupting performance. For
example, Japanese Patent Disclosures (kokai) No. Sho.
59-81816 and No. Sho. 59-91617 disclose contact materials
having prescribed contents of Ta and Nb in a Cu—Cr contact
material, which have excellent current interruption perfor-
mance and also improved voltage withstanding characteris-
tics.

However. regarding contact materials for a vacuum valve
as described above, with contact materials manufactured by
a solid-phase sintering process, in which the conductive
constituent and other arc-proof constituents are simply
mixed and sintered, it can hardly be said that fully satisfac-
tory contact materials (i.e. contact materials wherein both
these characteristics are improved and stabilized) have been
obtained.

Means for improving the withstand voltage characteristic
and current interruption performance, in particular, a method
of manufacture whereby the withstand voltage characteristic
is improved are disclosed in, for example, Japanese Patent
Disclosure (Kokai) No. Sho. 63-158022. However, it cannot
necessarily be said that this can satisfy the requirements.

SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to provide a
contact material for a vacuum valve wherein the frequency
of the occurrence of restriking can be reduced.

Another object of this invention is to provide a method for
manufacturing a contact material for a vacuum valve
wherein the frequency of the occurrence of restriking can be
reduced.

Still another object of this invention is to provide a contact
material for a vacoum valve which has a stable high with-
stand voltage characteristic and an excellent current inter-
ruption performance.

A further object of this invention is to provide a method
for manufacturing a contact material for a vacuum valve
which has a stable high withstand voltage characteristic and
an excelient current interruption performance.

These and other objects of this invention can be achieved
by providing a contact material for a vacuum valve
including, a conductive constituent including at least copper,
an arc-proof constituent including at least chromium and an
auxiliary constituent including at least one selected from the
group consisting of tungsten, molybdenum, tantalum and
niobium. The contact material is manufactured by quench
solidification of a composite body of the conductive
constituent, the arc-proof constituent and the auxiliary con-
stituent.

According to one aspect of this invention, there is pro-
vided a method for manufacturing a contact material for a
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vacuum valve including the steps of, preparing a composite
body of a conductive constituent including at least copper,
an arc-proof constituent including at least chromium and an
auxiliary constituient including at least one selected from the
group consisting of tungsten, molybdenum, tantalum and
niobium, and quench solidificating the composite body to
obtain the contact material.

According to another aspect of this invention, there is
provided a contact material for a vacuum valve including. a
conductive constituent and at least two arc-proof constitu-
ents. The arc-proof constituents are contained in a dispersed
state in the contact material.

According to still another aspect of this invention, there is
provided a method for manufacturing a contact material for
a vacuum valve including the steps of, mixing at least two

of arc-proof constituents to obtain a composite body, sin-
tering the composite body to form a sintered body, and
diffusing the arc-proof constituents of the sintered body in a
solution of a conductive constituent, thereby to obtain the

contact material.

The reason for the production of a Cr-rich phase by the
quench solidification method, such as a consumable arc
melting method, is that two-phase separation of the Cu-rich
liquid phase and Cr-rich liguid phase occur until the molten
liquid phase has solidified, and the Cr-rich liquid phase
which is of smaller specific gravity floats upwards. The
inventors therefore considered that it might be possible to
suppress the occurrence of Cr-rich phase by shortening the
time available for solidification of the liquid phase and by
decreasing the specific gravity difference between the two
phases. Shortening the solidification time should be possible
by increasing the quantity of solidification nuclei. Also,
regarding decreasing the specific gravity difference, this
should be possible by adding some constituent of larger
specific gravity than Cr and which is soluble in Cr.

By taking notice of the above items, it was found that the
production of a Cr-rich portion could be excluded by car-

rying out quench solidification with further addition of at
least one of W, Mo, Ta and Nb to Cu and Cz.

The present inventors have investigated in terms of met-
allographic or electrical phenomena the reasons why contact
material containing arc-proof constituents of excellent with-
stand voltage characteristic and arc-proof constituents of
excellent current interruption performance, did not exhibit
better performance than anticipated. They have discovered
that the major reasons of this have to do with matalic
structure of the contact material. Specifically, with regard to
current interruption performance, the characteristic of cur-
rent interruption performance is not determined solely by the
arc-proof constituent itself. The better current interruption
performance is shown by materials wherein the grain size of
the arc-proof constituent is fine or wherein the arc-proof
constituent is uniformly distributed in a contact material.
Furthermore, with respect to withstand voltage characteristic
t0o, the most stable characteristic tends to be obtained when
the contact micro structure is uniform.

Having ascertained that it is important for a plurality of
arc-proof constituents to be uniformly dispersed, consider-
ation is given to employing diffusion as a method to achieve
this. However, it is difficult to diffuse a plurality of arc-proof
constituents at ordinary sintering temperature of for example
1450K. Even if diffusion can be achieved, it is only over a
very restricted region. As a method of promoting diffusion,
sintering at higher temperatures may be considered, but this
is not practicable from the manufacturing aspect.

At this, the inventors have discovered diffusion of the
arc-proof constituents through a liquid phase. It is difficult to
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make the arc-proof constituent a liquid phase, but it is
relatively easy to make the conductive constituent, which 1s
a main structural constituent of the contact material, a liquid
phase. The arc-proof constituents can be soluble to a greater
or lesser extent in such conductive constituent, thereby
enabling diffusion of the arc-proof constituents. Fineness of
the arc-proof constituents can be increased by this diffusion
effect.

As a result, with the contact materials according to this
invention, improvement in characteristic in regard to current
interruption performance and withstand voltage character-
istic over the conventional contact materials as described
above can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to the
following detailed description when considered in connec-
tion with the accompanying drawings, wherein:

FIG. 1 is a cross-sectional view of a vacuum valve to
which a contact material for a vacuum valve of this inven-
tion is applied; and

FIG. 2 is a view to a larger scale of major parts of FIG.
1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views. the embodiments of this
invention will be described below.

FIG. 1 is a cross-sectional view of a vacuum valve to
which a contact material for a vacuum valve of this inven-
tion has been applied, and FIG. 2 is a view to a larger scale
of major parts of FIG. 1

In these Figures, a breaking chamber 1 is sealed in
vacuum-tight manner by an insulating enclosure 2 formed in
practically cylindrical shape by means of an insulating
material such as ceramic and metal caps 4 and S provided at

both ends thereof through sealing means 3a, 3b.

In addition, a fixed electrode 8 and a movable electrode 9
are respectively arranged at the ends of a pair of mutually

facing electrode rods 6 and 7 within breaking chamber 1.

Also, a bellows 10 is fitted on electrode rod 7 of movable
electrode 9 so that the pair of electrodes 8 and 9 can be
opened and closed by reciprocatory movement of electrode
9 whilst maintaining vacuum tightness within breaking
chamber 1.

Furthermore, this bellows 10 is covered by a hood 11 so
as to prevent deposition of arc vapor. Also, within breaking
chamber 1. there is further provided a cylindrical metal

enclosure 12, so as to prevent deposition of arc vapor on to
insulating enclosure 2.

Movable electrode 9 is fixed by brazing 13 to electrode
rod 7 as shown in FIG. 2, or is press fitted (not shown) by
caulking, and a movable contact 14b is joined thereon by
brazing 15.

The arrangement of fixed electrode 8 is practically the
same except that it faces in the opposite direction. A fixed
contact 14a is provided thereon.

An example of a method of manufacturing a contact
material according to an embodiment of this invention will
now be described. A method of manufacture by the con-
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sumable arc melting method will be described as an example
of a quench solidification method. The consumable elec-
trode with the contact target composition is manufactured by
a powder metallurgy method or a sheet material lamination
method etc. This electrode is used as the consumable elec-
trode (anode side) for arc melting, and the interior of the arc
furnace enclosure is evacuated to, for example, 107> (Pa).
Then, to suppress the vaporisation of the molten metal by
introducing, for example, high-purity Ar, a degree of
vacuum of about 2x10* (Pa), is obtained. An ingot of the
prescribed composition is obtained in a water-cooled Cu
crucible opposite to the consumable electrode, by means of
a prescribed arc voltage, a prescribed arc current and a
prescribed rate of consumption. The detail of the consum-
able arc melting method is disclosed in, for example, Japa-
nese Patent Publication (Kokoku) No. Heisei 4-51970, pub-
lished on Nov. 17, 1992, So the detailed description thereof

can be omitted.

Next, a method of evaluation and the evaluation results
will be explained with reference to concrete examples to be
described later. With the above described matters in view, a
comparison was made between the contact material accord-
ing to this invention and conventionally manufactured con-
tact material, in terms of frequency of occurrence of restrik-
ing. The disc-shaped sample of contact material of diameter
30 mm, thickness 5 mm is fitted in a demountable-type
vacuum valve. And then, measurements were carried out by
measuring the frequency of occurrence of restriking on
breaking a 60 kVx500 A circuit 2000 times by the
demountable-type vacuum valve. Two circuit breakers (i.c.
siX vacuum valves) were used in the measurements. The
results were expressed as a percentage occurrence of restrik-
ing. For fitting the contacts, only baking heating (450° C.>30
minutes) was performed. Brazing material was not used, and
the heating which would accompany this was not performed.

Next, the evaluation results will be considered referring to
table Al.

TABLE Al
Chemical Method of Percentage
constituents Manufactur- occurrence
(volume %) g the  of Restrik-
Cr Nb Cu contacts mg (%) Notes
Comparative 50 0  Bal(50) Arc 1.5
example Al melting
Comparative 350 0.1 Bal(50) Arc 1.5
example A2 melting
Example A1 50 1 Bal(49) Arc 0.7
melting
Example A2 S0 10 Bal(40) ArC 0.6
melting
Comparative 5 30 Bal(20) Arc 0.8 Large
example A3 melting contact
resistance
Comparative 10 10 Bal(80) Arc 0.7 Current
example A4 melting Inter-
ruption
impossible
Example A3 20 10 Bal(70) Arc 0.6
melting
Example A2 50 10 Bal(40) Arc 0.6
melting
Comparative 70 10 Bal(20) Arc 0.8 Large
example AS melting contact
resistance
Example A4 20Cr—5Ta—Cu Arc 0.7
melting
Example AS 30Cr—10Mo—Cu  Electroslag 0.6
melting
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TABLE Al-continued

Chemical Method of Percentage
constituents Manufactur- occurrence
(volume %) ing the of Restrik-
Cr Nb Cu contacts ing (%) Notes
Example A6 20Cr—40W-—Cu  Electroslag 0.7
melting

EXAMPLES Al-A2, COMPARATIVE
EXAMPLES Al1-A3

Consumable electrodes were manufactured as laminated
plates, with auxiliary constituent Nb volume percentages of
0, 0.1, 1, 10 and 30, the content of arc-proof material Cr
being kept fixed at 50 volume %. and the remainder being
Cu, respectively. These were respectively comparative
examples Al, A2, examples Al, A2 and comparative
example A3. Manufacture of ingots were carried out by a
consurnable arc melting method with the condition of an arc
voltage of about 35 V, an arc current of 1.5 KA, and under
a vacuum atmosphere of 2x10* (Pa) of At, using the con-

sumable clectrodes described above, respectively. These
were processed to the contact shape described above, and

then were fitted into the demountable-type vacuum valve,
and restriking occurrence rates were evaluated, respectively.
As shown in the Table Al, in the case of comparative
example Al in which there was no addition of Nb. and in the
case of comparative example A2 in which only a trace of Nb
was added, the restriking occurrence rates were 1.5% in both
cases. In the cases of examples Al and A2, 1n which 1% and

10% of Nb were added respectively, restriking occurrence
rates of 0.6-0.7% were obtained i.e. good performance was
obtained. However, in the case of comparative example A3
in which 30% of Nb was added, while the restriking occur-
rence rate was good at 0.8%, the contact resistance was

large., thus making the contact unusable.

EXAMPLES A2-A3, COMPARATIVE
EXAMPLES A4-AS

The consumable arc melting method was used to manu-
facture contacts wherein the content of the auxiliary con-

stituent Nb was fixed at 10 volume %, while the contents of
Cr which is the main arc-proof constituent were respectively
10, 20, 50 and 70 volume %, respectively. The arc current
and voltage were the same as in example Al described
above. Comparative example A4 in which the Cr addition
was 10% showed a good restriking occurrence rate of 0.7%,
but its current interrupting performance was unsatisfactory.
Examples A3 and A2, in which the Cr addition were 20 and
50% respectively showed restriking occurrence rates of 0.6
and 0.6%. Comparative example AS in which the Cr addi-
tion was 70% showed an improved restriking occurrence
rate, but had the drawback of a large contact resistance.

EXAMPLE A4 -A6

The above examples, A1-A3 relates to contact materials
of the Cr-Nb-Cu system. but other contact materials con-
sisting of other system will be considered. As shown by

examples A4-A6, good performance in respect of lowering
of the restriking occurrence rate can be obtained by addition

of Mo, Ta or W in place of Nb.

The quench solidification method to be used in this
invention is not limited to the consumable arc melting
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method. When, manufacture of the contact material is per-
formed using the electroslag method as shown in examples
AS5-A6 instead of the consumable arc melting method, good
performance is obtained, as in the case of the consumable
arc melting method. The detail of the electroslag method 1s
disclosed. for example, Japanese Patent Publication
(kokoku) No. Showa 46-36427, published on Oct. 26, 1971,
so the detailed description thereof can be omitted. It is
therefore clear that the same benefits are obtained even by

manufacture of the contact materials by other method of 10

manufacture satisfying quench solidification.

As described above, with an embodiment of this
invention, the frequency of restriking occurrence can be
reduced by the quench solidification of a composition con-
sisting of a conductive constituent whose main constituent is
Cu. an arc-proof constituent whose main constituent is Cr,
and an auxiliary constituent containing at least one of W,
Mo, Ta and Nb.

Hereinafter another embodiment of this invention will be

15

3
(1) Withstand voltage characteristic

For each contact alloy, the static withstand voltage was
found by measuring the voltage when a spark was generated
between two electrodes described below on gradually rais-
ing the voltage in a vacuum atmosphere of the order of 10™*
Pa, using a needle electrode and a flat-plate electrode
finished to a specular surface by buffing, the separation
between the two electrodes being fixed at 0.5 mm. The
measurement data of withstand voltages shown in Table B1

and Table B2 are values obtained by repeating the test fifty
times. They are shown as relative values including the
variations, taking the mean values of the withstand voltages
of the comparative examples described later as being 1.0,
respectively.
(2) Current interruption

For each contact alloy, current interruption tests were
performed by mounting a pair of contacts made of diameter

45 mm into a vacuum valve as described above, then

described. The contact material accor d.ll]g to another 20 g[adua]]y mcre,asmg the intcﬂupﬁon current. The measure-
embodiment of this invention is suitable for constructing ment data of interruption currents shown in Table B! and
both or either of contacts 14a, 145 shown in FIG. 1. Table B2 are shown as relative values taking the interruption
Firstly, the method of evaluating the contacts will be currents of the comparative examples described later as
described. being 1.0, respectively.
TABLE Bl
Withstand voliage character- Current mterruption per-
Composition of istic (relative value with formance (relative value with Notes (method
contacts (volume %) respect to comparative example} respect to comparative example) of manufacture)
Comparative 30Cr—20W—Cu 08-1.2 1.0 Solid-phase
example Bl sintering method
Example Bl 30C+—20W—Cu 1.1-1.3 1.2 Diffusion m
Cu solution
Comparative 30Cr—20Fe—Lu 0.8-1.2 10 Solid-phase
example B2 smitering method
Exampie B2 30Cr—20Fe—Cu 1.1-1.3 1.2 Diffusion in
Cu solution
Comparative 20Mo—20Nb—Cu 0.8-1.2 10 Solid-phase
example B3 sintering method
Example B3 20Mo—20Nb—Cu 1.1-13 1.2 Diffusion in
Cu solution
Comparative 20Mo—20Nb—10Hf—Cu 0.8-1.2 1.0 Solid-phase
example B4 | sintering method
Example B4 20Mo—20Nb—10Hf—Cu 1.1-1.2 1.1 Diffusion mn
Cu solution
Comparative 30Ta—20V—Cu 0.8-1.2 1.0 Solul-phase
example BS sintering method
Example B5 30Ta—20V—LCu 1.1-1.2 1.3 Diffusion in
Cu solution
Comparative J0Nb—20Zr—Ag 0.8-1.2 1.0 Solid-phase
example B6 sintering method
Example B6 30Nb—20Zr—Ag 1.0-1.2 1.1 Diffusion
Ag liqud phase
Comparative 30Mo—20T1—Ag 0.8-1.2 1.0 Solid-phase
example B7 sintering method
Example B7 30Mo—20T1—Ag 1.0-1.2 1.1 Diffusion in
Ag Liquid phase
Comparative 20Mo—20W—10Y—Ag 0.8-1.3 1.0 Solid-phase
example B8 sintering method
Example B8 20Mo—20W—10Y—Ag 1.0-1.2 1.1 Diffusion m
Ag hquid phase
Comparative 20Co—20N1—10Ti—Ag 0.8-1.2 1.0 Solid-phase
example B9 sintering method
Example B9 20Co—20N1—10Ti—Ag 1.0-1.2 1.1 Diffusion m
Ag bqud phase
Comparative 30Cr—20V—10Ag—Cu 0.8-1.2 10 Solid-phase
example B 10 smtering method
Example B10 30Cr—20V—10Ag—Cu 1.0-1.2 1.1 Diffusion m
Ag—Cu liquid phase
Comparative 30Cr—20W—0.5B1i—Cu 08-1.2 1.0 Solid-phase
example B11 sintermg method
Example B1l 30Cr—20W—0.5B1—Cu 1.0-1.2 1.2 Diffusion 1n



5,698,008

9 10
TABLE B1-continued
Withstard voltage character- Current interruption per-
Composition of istic (relative value with formance (relative value with Notes (method
contacts (volume %) respect to comparative example) respect to comparative example) of manufacture)
Cu—B:i sohution
Comparative 30Cr—20W—0.5Bi—0.3Te—0.28b—Cu 0.8-1.2 1.0 Solid-phase
example B12 sinfering method
Example B12 30Cr—20W—0.5B1+—0.3Te—0.25b—Cu 1.0-1.2 1.2 Daffusion m
Cu—Bi—Te—Sb
solution
TABLE B2
Withstand voltage character- Current mnterruption per-
Composition of istic (relative value with formance (relative value with Notes {method
contacts (volume %) respect to comparative example) respect to comparative example) of manufacture)
Comparative 10Cr—SW—Cu 09-1.1 1.0 Diffusion in
example B13 Cu liquid phase
Example B13 15Cr—10W—Cu 1.0-1.2 1.3 Diffusion m
Cu hiquid phase
Example Bl14 30Cr—10W—Cu 1.0-1.2 1.2 Diffusion nn
Cu Liquid phase
Example B15 40Cr-—20W-—Cu 1.0-1.2 1.2 Diffusion in
' Cu liquud phase
Example B16 55Cr—30W—Cu 1.0-1.2 1.2 Diffusion in
Cu liquid phase
Comparative 65Cr—25W—Cu 1.0-1.3 — Diffusion 1n
example B14 Cu liquid phase

Next, the measurement results obtained by the method of
evaluation described above will be considered in detail with

reference to Tables B1 and B2.

COMPARATIVE EXAMPLE Bl, EXAMPLE Bl

Powder consisting of a mixture of Cr powder of mean
grain size 100 um, W powder of mean grain size 7 um., and
Cu powder of mean grain size 45 um was molded at a
molding pressure of 8 Ton/cm®. It was then sintered under
the conditions 1273Kx1 Hr. in a vacuum atmosphere of the
order of 107 Pa. Next, it was molded at a molding pressure
of 8 Ton/cm®, and then sintered in the same condition as
described abova Contacts having composition of 30Cr—
20W—Cu as shown in Table Bl were thereby obtained.
When the interior of the contact was observed using an
electron microscope fitted with an EPMA (Electron Probe
Micro Analyzer), diffused phases of Cr and W could not be
detected definitely. When the static withstand voltage of
these contacts was measured by the test method described
above, the relative values were 0.8-1.2 i.e. the measured
values showed considerable variations (comparative
example B1).

Powder produced by mixing Cr powder of mean grain
size 100 pm and W powder of mean grain size 7 ym was
molded under a molding pressure of 2 Ton/cm?. It was then
sintered in a vacuum atmosphere of the order of 10~ Pa
under the conditions 1253Kx1 Hr. Cu was then infiltrated
under the conditions 1400Kx0.5 Hr. in a vacuum atmo-
sphere of the order of 107> Pa and diffusion of Cr and W was
performed in the copper. Contacts having compositions: 30
Cr—20 W—Cu were thereby obtained. When the interior of
the contacts was observed using an electron microscope
equipped with EPMA, it was found that mutual diffusion of
Cr and W had taken place, and fine arc-proof grains con-
sisting of Cr and W were observed. When the static with-
stand voltage of these contacts was measurcd by the test

35

435

50

55
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method described above, the relative values with respect to
comparative example B1 were found to be 1.1-1.3, with
only a small range of variations, and the withstand voltage
characteristic was improved on the whole. Furthermore, the
current interrupting characteristic showed a value of 1.2
times that of the comparative example Bl (example B1).

COMPARATIVE EXAMPLE B2, EXAMPLE B2

Contacts of composition: 30 Cr—20 Fe—Cu were
obtained by molding a powder obtained by mixing Cr
powder of mean grain size 100 pm, Fe powder of mean grain
size 50 um and Cu powder of mean grain size 45 um. at a
molding pressure of 8 Ton/cm?, followed by sintering in a

b
vacuum atmosphere of the ordcr of 10~ 3yPﬂ under the
conditions 1273Kx1 Hr., then further sintering under the

same condmons after moldmg at a molding pressure of §
Ton/cm”, When the static withstand voltage of these contacts
was measured by the test method described above, the

relative values of 0.8-1.2 were obtained i.e. there was a large
range of variations (comparative example B2).

Contacts having a composition: 30 Cr—20 Fe —Cu were
obtained by molding under a molding pressure of 2 Ton/cm?
a powder obtained by mixing Cr powder of mean grain size
100 pm with Fe powder of mean grain size 50 pm., followed
by sintering in vacuum atmosphere of the order of 10> Pa
under the conditions 1273x1 Hr., then infiltrating Cu under
vacoum atmosphere of the order of 10~ Pa under the
conditions 1400Kx(.5 Hzr., and diffusion of Cr and Fe in Cu.
When the static withstand voltage of these contacts was
measured by the test method described above, a relative
value of 1.1-1.3 with respect to comparative example B2
was obtained, with little range of variations., and an overall
improvement in withstand voltage characteristic. The cur-
rent interrupting characteristic also showed a value of 1.2
times that of comparative example B2 (example B2).

COMPARATIVE EXAMPLE B3. EXAMPLE B3

Contacts having composition: 20 Mo—30 Nb—Cu were
obtained by molding, under a molding pressure of 8 Ton/
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cm?, powder obtained by mixing Mo powder of mean grain
size 10 ym, Nb powder of mean grain size 50 pm and Cu
powder of mean grain size 25 pum, followed by sintering
under vacuum atmosphere of the order of 10~ Pa and the
conditions: 1273Kx1 Hr., then again molding at a molding
pressure of 8 Ton/cm?, followed by sintering under the same
conditions. When the static withstand voltage of these
contacts was measured by the test method described above,
a relative value of (0.8-1.2 was obtained. There was a large
range of variations (comparative example B3).

Contacts having composition 20 Mo—3(0 Nb—Cu were
obtained by molding under a molding pressure of 2 Ton/Cm?
powder obtained by mixing Mo powder of mean grain size
10 um with Nb powder of mean grain size 50 pm, followed
by sintering under vacuum atmosphere of the order of 107>
Pa under the conditions 1273Kx1 Hr., followed by infiltra-
tion of Cu under the conditions 1400Kx0.5 Hr. under
vacuum atmosphere of the order of 10~ Pa, and performing
diffusion of Mo and Nb in the copper. When the static
withstand voltage of these contacts was measured by the test
method described above, relative values of 1.1-1.3 with
respect to comparative example B3 were obtained, the range
of variations was also small, and the withstand voltage
characteristic was improved on the whole. Also, the current
interrupting characteristic showed a value 1.2 times that of
comparative example B3 (example B3).

COMPARATIVE EXAMPLE B4, EXAMPLE B4

Contacts of composition: 20 Mo-—20 Nb—10 Hf—Cu
were obtained by molding with a molding pressure of 8
Ton/cm? powder obtained by mixing Mo powder of mean
grain size 10 um, Nb powder of mean grain size 50 pm, Hf
powder of mean grain size 100 pym and Cu powder of mean
grain size 45 pm, followed by sintering under vacuum
atmosphere of the order of 10~ Pa under the conditions
1273Kx1 Hr., followed by further molding at a molding
pressure of 8 Ton/cm?, then sintering under the same con-
ditions. On measurement of the static withstand voltage of
these contacts by the test method described above, a relative
value of 0.8—1.2 was obtained, with a considerable range of
variations (comparative example B4).

Contacts of composition: 20 Mo—20 Nb—10 Hf—Cu
were obtained by molding powder obtained by mixing Mo
powder of mean grain size 10 pm, Nb powder of mean grain
size 50 um and Hf powder of mean grain size 100 pm under
a molding pressure of 2 Ton/cm?, followed by sintering in a
vacuum atmosphere of the order of 10~ Pa under the
conditions 1273 Kx1 Hr., then infiltrating Cu under vacuum
atmosphere of the order of 10~ Pa under the conditions
1400Kx<0.5 Hr., and diffusion of Mo, Nb and Hf in Cu. When
the static withstand voltage of these contacts was measured
by the test method described above, a value of 1.1-1.2 in
terms of relative values with respect to comparative example
B4 was obtained, with little range of variations and improve-
ment in the withstand voltage characteristic on the whole.
The current interrupting characteristic also showed a value
of 1.1 times that of comparative example B4 (example B4).

COMPARATTVE EXAMPLE B5, EXAMPLE B)

Contacts of composition: 30 Ta—20 V—Cu were
obtained by molding with a molding pressure of 8 Ton/
cm’powder obtained by mixing Ta powder of mean grain
size 50 ym, V powder of mean grain size 100 ym and Cu
powder of mean grain size 45 pum, followed by sintering
under vacuum atmosphere of the order of 107> Pa under the
conditions 1253Kx1 Hr., followed by further molding under
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a molding pressure of 8 Ton/cm?, then sintering under the
same conditions. On measurement of the static withstand
voltage of these contacts by the test method described above,
a relative value of 0.8—1.2 was obtained, with a considerable
range of variations (comparative example B5).

Contacts of composition: 30 Ta—20 V—Lu were
obtained by molding powder obtained by mixing Ta powder
of mean grain size 50 um with V powder of mean grain size
100 pum under a molding pressure of 2 Ton/cm?, followed by
sintering in a vacuum atmosphere of the order of 107> Pa
under the conditions 1400Kx0.5 Hr., then infiltrating Cu
under vacuum atmosphere of order 107> Pa under the
conditions 1400Kx0.5 Hr., and diffusion of Ta and V in Cu.
When the static withstand voltage of these contacts was
measured by the test method described above, a value of
1.1-1.2 in terms of relative values with respect to compara-
tive example BS was obtained, with a little range of varia-
tions and improvement in the withstand voltage character-
istic on the whole. The current interrupting characteristic
also showed a value of 1.3 times that of comparative
example BS (example B3J).

COMPARATIVE EXAMPLE B6, EXAMPLE B6

Contacts of composition: 30 Nb—20 Zr—Ag were
obtained by molding with a molding pressure of 8 Ton/cm®
powder obtained by mixing Nb powder of mean grain size

50 pum, Zr powder of mean grain size 50 pm and Ag powder
of mean grain size 30 pm, followed by sintering under

vacuum atmosphere of the order of 10— Pa under the
conditions 1173KXx1 Hr., followed by further molding under
8 Ton/cm?” then sintering under the same conditions. On
measurement of the static withstand voltage of these con-
tacts by the test method described above, a relative value of
0.8-1.2 was obtained, with a considerable range of varia-
tions (comparative example B6).

Contacts of composition: 30 Nb—20 Zr—Ag were
obtained by molding powder obtained by mixing Nb powder
of mean grain size 50 ym with Zr powder of mean grain isize
50 um under a molding pressure of 2 Ton/cm* followed by
sintering in a vacuum atmosphere of the order of 10~ Pa
under the conditions 1173Kx1 Hr., then infiltrating Ag under
vacuum atmosphere of the order of 10~> Pa under the
conditions 1300Kx<0.5 Hr., and diffusion of Nb and Zr in Ag.

When the static withstand voltage of these contacts was
measurcd by the test method described above, a value of
1.0-1.2 in terms of relative values with respect to compara-
tive example B6 was obtained, with little range of variations
and improvement in the withstand voltage characteristic on
the whole. The current interrupting characteristic also
showed a value of 1.1 times that of comparative example B6

(example B6).
COMPARATIVE EXAMPLE B7, EXAMFPLE B7/

Contacts of composition: 30 Mo—20 Ti—Ag were
obtained by molding with a molding pressure of 8 Ton/cm®
powder obtained by mixing Mo powder of mean grain size
10 ym, Ti powder of mean grain size 50 pm and Ag powder
of mean grain size 30 pm, followed by sintering under
vacuum atmosphere of the order of 10— Pa under the
conditions 1173Kx1 Hr., followed by further molding under
a molding pressure of 8 Ton/cm* then sintering under the
same conditions. On measurement of the static withstand
voltage of these contacts by the test method described above,
a relative value of 0.8—1.2 was obtained, with a considerable
range of variations (comparative example B7).

Contacts of composition: 30 Mo—20 Ti—Ag were
obtained by molding powder obtained by mixing Mo pow-
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der of mean grain size 10 pm with Ti powder of mean grain
size 50 pum under a molding pressure of 2 Ton/cn® followed
by sintering in a vacuum atmosphere of the order of 10 Pa
under the conditions 1173Kx1 Hr., then infiltrating Ag under
vacuum atmosphere of the order of 10~ Pa under the
conditions 1300Kx0.5 Hr., and diffusion of Mo and Ti in Ag.
When the static withstand voltage of these contacts was
measured by the test method described above, a value of
1.0-1.2 in terms of relative values with respect to compara-
tive example B7 was obtained, with little range of variations
and improvement in the withstand voltage characteristic on
the whole. The current interrupting characteristic also
showed a value of 1.1 times that of comparative example B7

(example B7).
COMPARATIVE EXAMPLE B8, EXAMPLE BS§

Contacts of composition: 20 Mo—20 W—10 Y—Ag
were obtained by molding with a molding pressure of 8
Ton/cm® powder obtained by mixing Mo powder of mean
grain size 10 pm, W powder of mean grain size 7 ym, Y
powder of mean grain size 100 pm and Ag powder of mean
grain size 30 pm, followed by sintering under the vacuum
atmosphere of the order of 10~ Pa under the conditions
1173Kx1 Hr., followed by further molding under a molding
pressure of 8 Ton/cm* then sintering under the same con-
dittons. On measurement of the static withstand voltage of
these contacts by the test method described above, a relative
value of (.8~1.2 was obtained, with a considerable range of
variations (comparative example B8).

Contacts of composition: 20 Mo—20 W—10 Y—Ag
were obtained by molding powder obtained by mixing Mo
powder of mean grain size 10 pm, W powder of mean grain
size 7 um and Y powder of mean grain size 100 um, under
a molding pressure of 2 Ton/cm* followed by sintering in a
vacuum atmosphere of the order of 10~ Pa under the
conditions 1173Kx1 Hr., then infiltrating Ag under vacuum
atmosphere of the order of 10~ Pa under the conditions
1300Kx0.5 Hr., and diffusion of Mo, W and in Y Ag. When
the static withstand voltage of these contacts was measured
by the test method described above, a value of 1.0-1.2 in
terms of relative values with respect to comparative example
B8 was obtained, with little range of variations and improve-
ment in the withstand voltage characteristic on the whole.
The current interrupting characteristic also showed a value
of 1.1 times that of comparative example B8 (example B8).

COMPARATIVE EXAMPLE B9, EXAMPLE B9

Contacts of composition: 20 Co—20 Ni—10 Ti—Ag
were obtained by molding with a molding pressure of 8
Ton/cm® powder obtained by mixing Co powder of mean
grain size 10 pm, Ni powder of mean grain size 10 pm, Ti
powder of mean grain size 50 um and AG powder of mean
grain size 30 pm, followed by sintering under vacuum
atmosphere of the order of 10~ Pa under the conditions
1173KX1 Hr., followed by further molding under a molding
pressure of 8 Ton/cm™ then sintering under the same con-
ditions. On measurement of the static withstand voltage of
these contacts by the test method described above, a relative
value of 0.8-1.2 was obtained, with a considerable scatter-
ing of variations (comparative example B9).

Contacts of composition: 20 Co—20 Ni—10 Ti—AG
were obtained by molding powder obtained by mixing Co
powder of mean grain size 10 pm, Ni powder of mean grain
size 10 pym and Ti powder of mean grain size 50 ym, under
a molding pressure of 2 Ton/cm* followed by sintering in a
vacuum atmosphere of the order of 10~ Pa under the
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conditions 1173Kx1 Hr., then infiltrating Ag under vacuum
atmosphere of the order of 10~ Pa under the conditions
1300Kx0.5 Hr., and diffusion of Co, Ni and Ti in AG. When
the static withstand voltage of these contacts was measured
by the test method described above, a value of 1.0-1.2 in
terms of relative values with respect to comparative example
B9 was obtained, with little range of variations and improve-
ment in the breakdown voltage characteristic on the whole.
The current interrupting characteristic also showed a value

of 1.1 times that of comparative example B9 (example B9).

COMPARATIVE EXAMPLE B10, EXAMPLE
B10

Contacts of composition: 30 Cr—20 V—10 AG—Cu
were obtained by molding with a molding pressure of 8
Ton/cm® powder obtained by mixing Cr powder of mean
grain size 100 um, V powder of mean grain size 100 ym., AG
powder of mean grain size 30 um and Cu powder of mean
grain size 45 ym. followed by sintering under vacuum
atmosphere of the order of 10~ Pa under the conditions
1000Kx1 Hr., followed by further molding Under a molding
pressure of 8 Ton/cm* then sintering under the same con-
ditions. On measurement of the static withstand voltage of
these contacts by the test method described above, a relative
value of (0.8-1.2 was obtained, with a considerable range of
variations (comparative example B10).

Contacts of composition: 30 Cr—20 V—10 Ag—Cu were
obtained by molding powder obtained by mixing Cr powder
of mean grain size 100 pm with V powder of mean grain size
100 pm under a molding pressure of 2 Ton/cm?* followed by
sintering in a vacuum atmosphere of the order of 10~ Pa
under the conditions 1173Kx1 Hr., then infiltrating 20 Ag
—Cu under vacuum atmosphere of the order of 10~ Pa
under the conditions 1300Kx0.5 Hr., and diffusion of (r and
V 1n the Cu—Ag. When the static withstand voltage of these
contacts was measured by the test method described above,
a value of 1.0-1.2 in terms of relative values with respect to
comparative example B10 was obtained, with little range of
variations and improvement in the withstand voltage char-
acteristic on the whole. The current interrupting character-
istic also showed a value of 1.1 times that of comparative

example B10 {example B10).

COMPARATIVE EXAMPLE B11, EXAMPLE Bl11

Contacts of composition: 30 Cr—20 W—0.5 Bi—Cu
were obtained by molding with a molding pressure of 8
Ton/cm® powder obtained by mixing Cr powder of mean
grain size 100 pm, W powder of mean grain size 7 pym, Bi
powder of mean grain size 100 um and Cu powder of mean
grain size 45 pum, followed by sintering under vacuum
atmosphere of the order of 10— Pa under the conditions
1273Kx1 Hr., followed by further molding under a molding
pressure of 8 Ton/cm* then sintering under the same con-
ditions. On measurement of the static withstand voltage of
these contacts by the test method described above, a relative
value of (.8-1.2 was obtained, with a considerable range of
variations (comparative example B11).

Contacts of composition: 30 Cr—20 W-—0.5 Bi—Cu
were obtained by molding powder obtained by mixing Cr
powder of mean grain size 100 pm with W powder of mean
grain size 7 pm under a molding pressure of 2 Ton/cm*
followed by sintering in a vacuum atmosphere of the order
of 10> Pa under the conditions 1300Kx1 Hr., then infiltrat-
ing 1 Bi—Cu under vacuum atmosphere of the order of 10>
Pa under the conditions 1300Kx0.5 Hr., and diffusion of Cr
and W 1n Cu. When the static withstand voltage of these
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contacts was measured by the test method described above,
a value of 1.0-1.2 in terms of relative values with respect to
comparative example B11 was obtained, with little range of
variations and improvement in the withstand voltage char-
acteristic on the whole. The current interrupting character-
istic also showed a value of 1.2 times that of comparative
example B11 (example B1l).

COMPARATIVE EXAMPLE B12, EXAMPLE
B12

Contacts of composition: 30 Cr—20 W—0.5 Bi—0.3 Te
—0.2 Sb—Cu were obtained by molding with a molding
pressure of 8 Ton/cm*® powder obtained by mixing Cr
powder of mean grain size 100 pm, W powder of mean grain
size 7 um, Bi powder of mean grain size 100 pm, Te powder
of mean grain size 100 pm, §b powder of mean grain size
100 ym and Cu powder of mean grain size 45 pm, followed
by sintering under vacuum atmosphere of the order of 10
Pa under the conditions 1273Kx1 Hr., followed by further
molding under a molding pressure of 8 Ton/cm® then
sintering under the same conditions. On measurement of the
static withstand voltage of these contacts by the test method
described above, a relative value of 0.8—-1.2 was obtained,
with a considerable range of variations (comparative
example B12).

Contacts of composition: 30 Cr—20 W—(0.5 Bi—0.3 Te
—0.2 Sb—Cu were obtained by molding powder obtained
by mixing Cr powder of mean grain size 100 pm with W
powder of mean grain size 7 ym under a molding pressure
of 2 Ton/cm?, followed by sintering in a vacuum atmosphere
of the order of 10~ Pa under the conditions 1300Kx1 Hr..
then infiltrating 1.0 Bi—0.6 Te—0.4 Sb—Cu under vacuum
atmosphere of the order of 10~ Pa under the conditions
1300Kx0.5 Hr., and diffusion of Cr and W in Cu. When the
static withstand voltage of these contacts was measured by
the test method described above, a value of 1.0-1.2 in terms
of relative values with respect to comparative example B12
was obtained, with little range of variations and improve-
ment in the withstand voltage characteristic on the whole.
The current interrupting characteristic also showed a value
of 1.2 times that of comparative example B12. In this
example, Bi Te and Sb function as welding prevention
constituents (example B12).

COMPARATIVE EXAMPLE B13, EXAMPLES
B13-B16, COMPARATIVE EXAMPLE B14

Contacts having a composition: 10 Cr—5 W—Cu as
shown in Table B2 were obtained by molding powder
obtained by mixing Cr powdcr of mean grain size 100 pm,
W powder of mean grain size 7 um and Cu powder of mean
grain size 45 pm, at a molding pressure of 3 Ton/cm*
followed by sintering in a vacuum atmosphere of the order
of 107> Pa under the conditions 1400Kx(.5 Hr., performing
diffusion of Cr and W in the Cu liquid phase. When the static
withstand voltage of these contacts was measured by the test
method described above, relative values of (.9-1.1 were
obtained (comparative example B13)

Contacts having a composition: 15 Cr—10 W—Cu were
obtained by molding a powder obtained by mixing Cr
powder of mean grain size 100 pm, W powder of mean grain
size 7 pm and Cu powder of mean grain size 45 pym., at a
molding pressure of 8§ Ton/cm* followed by sintering in a
vacuum atmosphere of the order of 10™ Pa under the

conditions 1400Kx0.5 Hr., performing diffusion of Cr and
W in the Cu liquid phase. When the static withstand voltage

of these contacts was measured by the test method described
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above, a relative value of 1.0-1.2 with respect to compara-
tive example 13 was obtained. The current interrupting
characteristic also showed a value of 1.3 times that of
comparative example B13 i.e. good performance was shown
(example B13).

Powder obtained by mixing Cr powder of mean grain size
100 ym with W powder of mean grain size 7 prn was filled
in a carbon crucible and sintered in a vacuum atmosphere of
the order of 10~ Pa under the conditions 1400Kx0.5 Hr. to
obtain a sintered body. Contacts having a composition: 30
Cr—10 W—Cu were then obtained by infiltrating Cu into
the sintered body under the conditions 2400Kx1 Hr. under
vacuum atmosphere of the order of 107 Pa, and conducting
diffusion of Cr and W in the Cu liquid phase. When the static
withstand voltage of these contacts was measured by the test
method described above, a relative value of 1.0-1.2 with
respect to comparative example B13 was obtained. The
current interrupting characteristic also showed a value of 1.2
times that of comparative example B13 i.e. good perfor-
mance was shown (example B14).

Powder obtained by mixing Cr powder of mean grain size
100 ym with W powder of mean grain, size 7 ].ll'll was
molded under a molding pressure of 3.5 Ton/cm® and
sintered in a vacuum atmosphere of the order of 107> Pa
under the conditions 2400Kx1 Hr. to obtain a sintered body.
Contacts having a composition: 40 Cr—20 W—Cu were
then obtained by infiltrating Cu into the sintered body under
the conditions 1400Kx0.5 Hr., under vacuum atmosphere of
the order of 10~ Pa, and conducting diffusion of Cr and W
in the Cu liquid phase. When the static withstand voltage of
these contacts was measured by the test method described
above, a relative value of 1.0-1.2 with respect to compara-
tive example B13 was obtained. The current interrupting
characteristic also showed a value of 1.2 times that of
comparative example B13 i.e. good performance was shown
(example B15).

Powder obtained by mixing Cr powder of mean grain size
100 ym with W powder of mean grain size 7 ym was molded
under a molding pressure of 3.5 Ton/cm? and sintered in a
vacuum atmosphere of the order of 10— Pa under the
conditions 1400Kx1 Hr. to obtain a sintered body. Contacts
having a composition: 55 Cr—30 W—Cu were then
obtained by infiltrating Cu into the sintered body under the
conditions 1400Kx0.5 Hr. under vacuum atmosphere of the
order of 107> Pa, and conducting diffusion of Cr and W in
the Cu liquid phase. When the static withstand voltage of
these contacts was measured by the test method described
above, a relative value of 1.0-1.2 with respect to compara-
tive example B13 was obtained. The current interruption
characteristic also showed a value of 1.2 times that of
comparative example B13 i.e. good performance was shown
(example B16).

Powder obtained by mixing Cr powder of mean grain size
100 pm with W powder of mean grain size 7 pm was molded
under a molding pressure of 8 Ton/cm® and sintered in a
vacuum atmosphere of the order 10~ Pa under the condi-

tions 1400Kx1 Hr. to obtain a sintered body. Contacts
having composition: 65 Cr—25 W—Cu were then obtained
by infiltrating Cu into the sintered body under the conditions
1400Kx0.5 Hr. under vacuum atmosphere of the order of
1072 Pa, and conducting diffusion of Cr and W in the Cu
liquid phase. When the static withstand voltage of these
contacts was measured by the test method described above,
a relative value of 1.0-1.2 with respect to comparative
example B13 was obtained. However, when a current inter-
rupting test was carmried out, severe welding took place
(comparative example B14).
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As described above, a withstand voltage characteristic can
be obtained which is more stable than that of contact
material in which there is no diffusion and a better current
interrupting performance can also be obtained, by mutual
diffusion of a plurality of arc-proof constituents through the
solution of a conductive constituent. Evidently the combi-
nations of the arc proof constituents are not restricted to
those described in the exampies.

As described above, with another embodiment of this
invention, there can be provided a contact material for a
vacuum valve and a method for manufacturing the same
wherein a mixture of arc-proof constituents of at least two or
more kinds is sintered, thus diffusing the mixture constitu-
ents in the solution of the conductive constituent, thereby
enabling a contact material to be obtained which has excel-
lent withstand voltage characteristic and current interrupting
performance.

As described above, according to this invention there can
be provided a contact material for a vacuum valve and a
method for manufacturing the same, wherein the frequency
of the occurrence of restriking can be reduced.

There can be further provided a contact material for a
vacuum valve and a method for manufacturing the same,
which has a stable high withstand voltage characteristic and
an excellent current interruption performance.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What is claimed is:

1. A contact material for a vacuum valve, comprising:

a conductive constituent;
at least first and second arc-proof constituents;

wherein said arc-proof constituents are contained in a
dispersed state in said contact material, and

sald arc-proof constituents are dispersed by infiltrating
said conductive constituent into a sintered body com-
prising a mixture of said arc-proof constituents.

2. The contact material according to claim 1, wherein:

said conductive constituent comprises at least one of
copper and silver, and an amount of said conductive
constituent is from 15% to 80% by volume; and

said arc-proof constituents comprise at least two selected
from the Group consisting of yttrium, titanium,
zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, iron, cobalt, and
nickel, and an amount of said arc-proof constituents is
the balance.

3. The contact material according to claim 1, further

comprising:
a welding prevention constituent comprising at least one
selected from the group consisting of bismuth, tellu-
rium and antimony, an amount of said welding preven-

5

10

15

20

25

30

35

45

30

35

18

tion constituent being under 1% of said conductive
constituent by volume.
4. The method for manufacturing a contact material for a
vacuum valve, of claim 1 comprising the steps of:

mixing at least two of arc-proof constituents to obtain a
composite body;

sintering said composite body to form a sintered body;
and

diffusing said arc-proof constituents of said sintered body
in a solution of a conductive constifuent, therecby to
obtain said contact material.

S. The method according to claim 4, wherein:

said diffusing step is performed at a temperature above the
melting point of said conductive constituent.

6. The method according to claim S, wherein:

said diffusing step is performed by infiltrating said con-
ductive constituent into said sintered body.

7. The method according to claim 4, wherein:

in said mixing step, at least two of said arc-proof con-
stituents and said conductive constituent are mixed to
obtain said composite body.

8. The contact material according to claim 1, wherein said
arc-proof constituents are uniformly distributed in said con-
tact material.

9. The contact material according to claim 1, wherein said
arc-proof constituents are soluble in said conductive con-
stituent.

10. The contact material according to claim 1, wherein
said sintered body is prepared by sintering a mixture com-
prising a powder of said first arc-proof constituent and a
powder of said second arc-proof constituent.

11. The contact material according to claim 1. wherein
said infiltrating uniformly distributes said arc-proof con-
stituents in said conductive constituent by diffusion.

12. The contact material according to claim 1, wherein
said arc-proof constituents comprise at least one member
selected from the group consisting of yttrium, hafnium and
nickel.

13. The contact material according to claim 1, wherein
said arc-proof constituents are sclected from the group
consisting of yttrium, hafnium, vanadium. niobium,
tantalum, molybdenum, tungsten, iron, cobalt and nickel.

14. The contact material according to claim 1, wherein
said contact material consists of:

a conductive constituent selected from the group consist-
ing of copper, silver and mixtures thereof;

at least first and second arc-proof constituents selected
from the group consisting of yttrium, hafnium,
vanadium, niobium, tantalum, molybdenum, tungsten,
iron, cobalt and nickel; and

optionally a welding prevention constituent selected from
the group consisting of bismuth, tellurium, antimony
and mixtures thereof.
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